Background: Food intake is a complex behaviour which can be assessed using dietary patterns. Our aim was to characterize dietary patterns and associated factors in French-speaking Switzerland. Methods: Cross-sectional study conducted between 2009 and 2012 in the city of Lausanne, Switzerland, including 4372 participants (54% women, 57.3 ± 10.3 years). Food consumption was assessed using a validated food frequency questionnaire. Dietary patterns were assessed by principal components analysis.
Background
Dietary intake is one of the major determinants of health, and it has been repeatedly shown that improving dietary intake leads to an improvement in morbidity and mortality [1] . Dietary intake is a complex behaviour, which cannot be reduced to the consumption of single types of foods or nutrients [2, 3] . Indeed, the variety of foods, nutrients and their interactions considerably complicate the analysis of the associations between individual foods or nutrients and diseases. Hence, multivariate, dimension-reducing approaches such as dietary patterns have been proposed. Dietary patterns could resolve concerns about food and nutrient interactions and provide a more accurate picture of an individual's dietary behaviour [2, 3] . Dietary patterns have been suggested to be advantageous over individual foods and nutrients regarding the associations between diet and chronic diseases such as diabetes [4] . Furthermore, dietary patterns provide the background to identify specific food combinations that are either protective or deleterious, thus fostering further research regarding individual foods and dietary guidelines [5] . Dietary patterns are also easier to apply in public health policies, as they correspond to "foods that are actually consumed in various characteristic combinations" [6] . Indeed, several individual, lifestyle and socio-demographic factors associated with dietary patterns have been identified: age and education are positively associated with a healthy dietary pattern (mainly characterized by a high intake of fruits, vegetables or fish) [7, 8] , while male gender is usually associated with more unhealthy patterns (characterized by high intake of fat, red meat or convenience foods) [7] . Identification of groups with the (un) healthier dietary patterns would allow better public health policies regarding diet [9] .
Previous studies conducted in Switzerland [10, 11] assessed differences in single foods or nutrients between socio-demographic and socioeconomic groups. A study in Geneva assessed trends for dietary patterns [12] , and it would be of interest if such patterns could be replicated in another Swiss city using the same methodology of data collection. Hence, we aimed to assess dietary patterns and their main determinants in a cross-sectional, population-based sample in Switzerland.
Methods
The Cohorte Lausannoise (CoLaus) study.
The CoLaus study is a population-based study assessing the clinical, biological and genetic determinants of cardiovascular disease in the city of Lausanne, Switzerland. Its aims and sampling strategy have been reported previously [13] . The source population was defined as all subjects aged between 35 and 75 years registered in the population register of the city, which also includes information on age and sex. A simple, non-stratified random sample of 19,830 subjects (corresponding to 35% of the source population) was drawn and the selected subjects were invited to participate. The following inclusion criteria were applied: (a) written informed consent; (b) willingness to take part in the examination and to provide blood samples.
The baseline study was conducted between 2003 and 2006 and the first follow-up visit was conducted between April 2009 and September 2012 and included all participants willing to be re-contacted. At follow-up, participants attended a single visit, which included an interview, a dietary assessment, a physical exam, and blood and urine collections in the fasting state. For this study, only data from the follow-up examination was used as dietary intake assessment was first introduced at this time point.
Socio-demographic and anthropometric data
Age (range: 41-79 years) was categorized into 10-year age groups: 40-49; 50-59; 60-69 and 70-79. Educational level was categorized as low (primary), middle (apprenticeship or secondary school) and high (university). Country of birth was categorized into 6 groups: Switzerland, the four most common countries (providing at least 100 participants) including France, Italy, Portugal and Spain, and other. Analysis according to country of birth was considered as important as a previous study showed considerable differences in dietary intake between these groups [14] . Smoking status was defined as never, former (irrespective of the time since quitting) and current (irrespective of the amount smoked). Body weight and height were measured using standard procedures [13] and body mass index (BMI) was defined as weight (kg)/height(m) 2 . Overweight was defined as 25 ≤ BMI < 30 kg/m 2 and obesity as BMI ≥ 30 kg/m 2 .
Physical activity assessment
Physical activity was assessed by a questionnaire [15] validated in the population of Geneva. This self-reported questionnaire assesses the type and duration of 70 kinds of (non)professional activities and sports during the previous week. Sedentary status was defined as spending more than 90% of the daily energy in activities below moderate-and high-intensity (defined as requiring at least 4 times the basal metabolic rate, BMR) [16, 17] . BMR multiples are close to Metabolic Equivalent of Task (MET) multiples, although MET multiples do not take into account participant sex, age or height.
Dietary assessment
Dietary intake was assessed using a self-administered, semi-quantitative food frequency questionnaire (FFQ) which also includes portion size [18] . This FFQ was validated in the Geneva population [18, 19] . Briefly, this FFQ assesses the dietary intake of the previous 4 weeks and consists of 97 different food items accounting for more than 90% of the intake of calories, proteins, fat, carbohydrates, alcohol, cholesterol, vitamin D and retinol, and 85% of fibre, carotene and iron. To our knowledge, there is no FFQ (validated or not) assessing dietary intake for the whole year in Switzerland. Hence, this FFQ provides the best dietary assessment currently available for French speaking Switzerland. For each item, consumption frequencies ranging from "less than once during the last 4 weeks" to "2 or more times per day" were provided, and the participants also indicated the average serving size (smaller, equal or bigger) compared to a reference size. Each participant brought along her/ his filled-in FFQ, which was checked for completion by trained interviewers on the day of the visit. Dietary patterns were assessed using consumption frequencies, defined as "never these last 4 weeks" = 0; "once/month" = 1/28; "2-3/month" = 2.5/28; "1-2/week" = 1.5/7; "3-4 times/week" = 3.5/7; "once/day" = 1 and "2+/day" = 2.5. The 97 items were then grouped into 40 food and nutrient groups, including vitamin and food supplements (Additional file 1: Table S1 ). Conversion into nutrients was performed based on the French CIQUAL food composition Reference portions were defined by the use of common measures such as "one slice" (of bread); "one yogurt cup" "(for peas or berries)"; "one tablespoon"; "one serving" (for tomatoes or bananas) or "one glass" (of water or of wine, as size depends on the type of beverage). The reference portion was defined as the median of portion size distribution in the validation paper, and the "smaller" and "bigger" portions were defined as the first and the third quartiles of the distribution [21] . Total energy intake (TEI) was computed and alcohol consumption was included in this calculation. Participants were considered to be on a diet if they responded positively to the question "are you currently on a diet", irrespective of the type of diet considered (for slimming, diabetes, high cholesterol, other).
Exclusion criteria
Participants were excluded if they presented at least one of the following characteristics: 1) No FFQ completed; 2) Less than 30 items consumed according to the completed FFQ; 3) No data for smoking or education.
Statistical analysis
Statistical analyses were performed using Stata version 14.2 for windows (Stata Corp, College Station, Texas, USA). Descriptive results were expressed as number of participants (percentage) or as average ± standard deviation. Bivariate analyses were performed using chisquare for categorical variables and Student's t-test or analysis of variance for continuous variables.
Dietary patterns were assessed by principal components analysis (PCA) with varimax rotation as done in previous studies [7, [22] [23] [24] . The Kaiser-Meyer-Olkin (KMO) and the Bartlett test for sphericity were applied to assess the appropriateness of applying PCA to the dataset. The Bartlett test compares the correlation matrix between the different items to be included in the PCA to the identity matrix. A non-significant Bartlett test indicates that the variables are highly correlated and that information compression using PCA is not useful. The KMO was 0.755, which was above the suggested minimum of 0.5 [25] and comparable to values reported in the literature [7, 24] . The Bartlett test for sphericity yielded a p-value of < 0.0001. Hence, both KMO and the Bartlett tests indicated that the data were suitable for PCA.
The number of dietary patterns to be retained was determined based on the same criteria as described by others [8, 22] , namely 1) analysis of the scree plot; 2) an eigenvalue higher than one and 3) the interpretability of the dietary pattern. For interpretation purposes, varimax rotation was performed. Items with absolute factor loading > 0.30 were considered to characterize the dietary patterns [1] , although all items were used to calculate dietary pattern scores. As suggested previously [24] , the associations between dietary patterns and nutrients were assessed using Pearson correlations and corresponding 95% confidence intervals, applying Fisher's z transformation and the corrci command of Stata. Bivariate comparison of correlation coefficients was performed using Steiger's method and using the corcor command of Stata.
Dietary patterns were categorized into quintiles and the distributions of individual and behaviour factors and dietary patterns were compared between the highest quintile and the other four, a method also used elsewhere [7, 23, 24] . Multivariable analysis was performed using Poisson regression for highest quintile vs. the others, as previously reported [7] . Poisson regression was preferred to logistic regression because the outcome of interest was not a rare event (20%), and using logistic regression would overestimate the associations [26] . All variables associated with at least one dietary pattern in the bivariate analysis were included in the multivariate model. Results were expressed as prevalence rate ratio (PRR) and 95% confidence interval. Tests for trends were assessed using the contrast q. command of Stata.
As complete physical activity data was only available for a limited number of participants, the initial separate analyses were performed, including or not the sedentary status in the multivariable model. Other sensitivity analyses were performed: 1) excluding participants with a total energy intake < 850 or > 4500 kcal/day [27] ; 2) using food pattern scores as continuous variables. For the latter case, analyses were performed using analysis of variance. Tests for trends were assessed using the contrast q. function of Stata. Statistical significance was considered for a two-sided test p < 0.05.
Result

Selection procedure and characteristics of participants
Of the 5064 participants available at follow-up, 692 (13.7%) were excluded. The reasons for the exclusion are summarized in Fig. 1 and the main characteristics of participants included and excluded are summarized in Additional file 1: Table S2 . Excluded participants were older, with a higher BMI, and were more frequently born outside Switzerland, with lower education, current smokers, sedentary and obese. Thus, the analysis included 4372 participants, 3936 (90%) of whom had data for physical activity.
Dietary patterns
The results of the principal components analysis are summarized in Table 1 . Three dietary patterns were identified, explaining 20.9% of the overall variance. The first dietary pattern was named "Meat & fries" (unhealthy) and had high loadings for all kinds of meat and French fries. The second dietary pattern was named "Fruits & Vegetables" (healthy) and had high loadings for fruits and vegetables. The third dietary pattern was named "Fatty & sugary" (unhealthy) and had high loadings for hard fats (i.e. butter, margarine), pastries and sugar-rich foods ( Table 1) .
The Pearson correlations, with 95% confidence intervals, between the three dietary pattern scores and selected macro-and micronutrients are provided in Additional file 1: Table S3 . Almost all correlations were statistically significant. The "Meat & fries" pattern showed the strongest positive correlations with total and animal protein, cholesterol and iron, and inverse correlations with total carbohydrates, dietary fibre and calcium. The "Fruits & Vegetables" pattern showed the strongest positive correlations with vegetable protein, dietary fibre, carotene and vitamin D, the weakest positive correlations with cholesterol, and a negative correlation with alcohol. The "Fatty & sugary" pattern showed the strongest positive correlations with total energy intake and saturated fat, and the weakest positive correlation with vitamin D (Additional file 1: Table S3 ).
Factors associated with dietary patterns
Bivariate and multivariate associations between participants' characteristics and the three dietary patterns identified are summarized in Tables 2 and 3 
Sensitivity analyses
The results after excluding participants without data on sedentary status are summarized in Additional file 1: Tables S5 (for highest quintile Tables S10 (for dietary  pattern scores as continuous variables) . Overall, the findings were similar to those reported for the whole sample, with sedentary status being positively associated with the "Meat & fries" pattern (and to a lesser degree to the "Fatty & sugary" pattern) and inversely associated with the "Fruits and Vegetables" pattern.
Discussion
This is one of the few studies to characterize empiricallyderived dietary patterns in the French-speaking Swiss population. Three patterns were identified, and several socio-demographic and lifestyle factors were found to be associated with them.
Dietary patterns
Three patterns were identified; based on the dietary guidelines of the International Agency for Research on Cancer [28] , one was termed as healthy ("Fruits & Vegetables") and two as unhealthy ("Meat & fries" and "Fatty & sugary"). The three patterns explained 20.9% of the overall variance in food consumption; this relatively low percentage of explained variance is likely due to the large number of food groups included in the PCA [3] but is similar to other studies [7, 24] , including one conducted in Geneva using the same FFQ [12] . Also, the patterns identified in this study were almost identical to those reported in Geneva [12] and comparable to dietary patterns reported in other countries. For instance, the "Meat & fries" pattern was identical to one described in Puerto Rico [29] and involved several components shared with the "Western" pattern identified in Sweden [24] . The "Fruits & Vegetables" pattern shared the same components as the "Healthy" pattern described in a Swedish study [30] and the "Olive oil and vegetables" identified in Italy [31] . Finally, the "Fatty & sugary" Factor loadings with absolute values > 0.300 were used to characterize the dietary pattern and are indicated in bold pattern involved most components of the "convenience foods" identified in France [8] , the "Eggs and sweets" identified in Italy [31] some components of the "Western" pattern identified in Brazil [32] and the "Continental" pattern identified in Sweden [24] . Overall, our results suggest that, notwithstanding different dietary assessment methods, the dietary patterns identified in this study share several characteristics with other patterns identified in other settings. Analysis performed on 4372 participants. Results are expressed as prevalence rate ratios and (95% confidence interval) of being in the last quintile relative to the other four. Statistical analysis performed using Poisson regression adjusting for the variables listed in the tables. All variables were simultaneously included in the model. For country of birth, significant associations are indicated as follows: *, p < 0.05; **, p < 0.01; ***, p < 0.001
Factors associated with dietary patterns
Women had higher PRRs and scores for the "Fruits & Vegetables" pattern and lower PRRs and scores for the "Meat & fries" and the "Fatty & sugary" patterns, a finding in agreement with the literature [7, 33] . These findings confirm the higher importance of diet for women compared to men, a finding also reported when assessing compliance to dietary recommendations [11] . Elderly subjects had higher PRRs and scores for the "Fruits & Vegetables" pattern and lower PRRs and scores for the "Meat & fries" pattern, a finding in agreement with the literature [33] . The "Meat & fries" dietary pattern was associated with an increasing allostatic load [29] risk for diabetes [34] and acute myocardial infarction [35] , while patterns such as the "Fruits & Vegetables" pattern have been shown to be protective [35] . Thus, the unhealthy dietary patterns in younger participants might favour the increase in the prevalence of obesity and cardiovascular risk factors (namely diabetes) in this group [36] . Conversely, the higher PRR and scores for the "Fatty & sugary" pattern among the eldest group could be due to several factors including a decreased sense of taste [37] or a decreased financial capacity forcing older people to buy less expensive, more sugar and fat rich foods [38] .
Being born in Portugal or Spain was positively associated with both the "Meat & fries" and the "Fruits & Vegetables" patterns. A possible explanation is that migrants from these countries improve their wealth when working in Switzerland, making them buy more meat (a marker of wealth) while maintaining some of their traditional dietary patterns (i.e. Fruits & Vegetables). Indeed, a previous study conducted in Portugal showed that the improvement in overall wealth after joining the EU in the nineties led to a considerable change in diet, shifting from a south European to a more Westernized, proteinrich diet [39] . Conversely, as the "Meat & fries" pattern includes all types of meat, it was not possible to assess if the increase in meat was related to the most expensive parts of meat (beef ) or to the cheaper ones such as processed meat.
Highly educated participants had higher PRRs and scores for the "Fruits & Vegetables" pattern and lower PRRs and scores for the "Meat & fries" and to a lesser degree for the "Fatty & sugary" patterns, a finding repeatedly reported in the literature, [7, 30, 33] . A likely explanation is that highly educated people are more compliant with dietary recommendations [11] , and tend to have a higher income enabling them to buy more fruits and vegetables than less educated people [38] .
Current smokers had lower PRRs and scores for the "Fruits & Vegetables" pattern, a finding also reported previously [30, 40] . Conversely, no significant differences were found for the "Meat & fries" and the "Fatty & sugary"
patterns, suggesting that current smoking selectively impairs the consumption of specific foods. Possible explanations include a lower compliance to dietary recommendations [11] , tobacco-induced changes in sensory system, gustatory impairment as a consequence of heavy smoking [41] and decreased olfactory capacity [42] , making smokers select foods with stronger flavours (i.e. more salty).
Participants reporting being on a diet had higher PRRs and scores for the "Fruits & Vegetables" pattern and lower PRRs and scores for the "Meat & fries" and the "Fatty & sugary" patterns, a finding also reported elsewhere [30] and suggestive for the increased awareness on the importance of dietary intake. Due to the large variation in the type of diets, it was not possible to precisely assess associations between each type of diet and the different dietary patterns.
Sedentary participants had lower PRR for the "Fruits & Vegetables" pattern and tended to present higher PRRs for the unhealthy ones; when the analysis was based on dietary pattern scores, clear differences were found; sedentary participants scoring had higher scores in the "Meat & fries" and the "Fatty & sugary" patterns and lower ones in the "Fruits & Vegetables" pattern. Such findings have been repeatedly reported in the literature [30, 40] . Overall, our results reinforce the fact that dietary patterns are closely related to several lifestyle characteristics.
Obese participants had lower PRRs for the "Fatty & sugary" pattern and higher PRRs for the "Meat & fries" pattern, and these associations persisted after excluding participants reporting to be on a diet. The most likely explanation is a reporting bias; obese participants may underreport the intake of foods which they consider as obesogenic. Interestingly, a negative association between BMI and the "Fatty & sugary" pattern was observed, but a positive association with the "Meat & fries" was found. This former association might be due to the fact that most people do not consider meat as obesogenic, although the increased consumption of meat has been shown to be associated with obesity [43] . Finally, a significant negative association between BMI categories and the "Fruits & Vegetables" pattern was found after excluding participants with extreme energy intakes, a finding also reported previously [23] . Overall, our results indicate that increased BMI is associated with unhealthy dietary patterns, and this association might be partly blurred by reporting bias.
Impact for dietary policies
Several modifiable behaviours were associated with dietary patterns, allowing for a better targeting of the most vulnerable groups in the context of public health interventions, although such modifications have been questioned [44] . For instance, smokers should be urged to increase vegetable consumption, while the promotion of physical activity would allow tackling both sedentary status and the associated dietary patterns.
Strengths and limitations
This study has several limitations. First, the crosssectional setting of the study only allows establishing associations, and no causal inferences can be drawn. Second, excluded participants differed significantly from those whom the dietary patterns were computed accordingly; hence, dietary patterns were derived from a healthier sample and might not fully represent the true dietary patterns in the general population. Still, the patterns identified were similar to those reported in other studies, and could serve as a foundation for future studies on dietary behaviours in French-speaking Switzerland. Third, only urban citizens were queried, and we have no information regarding dietary patterns of rural inhabitants. Still, according to the Swiss federal office of statistics, in 2014, 84% of the Swiss population lived in an urban setting [45] , so our results apply to the majority of the French-speaking Swiss population. Fourth, portion size was self-reported and might have been misevaluated by the participants; still, this is a common issue among self-reported dietary intake and it has been shown that dietary patterns do not change significantly when input variable quantification changes [46] . Finally, the study was conducted in a French-speaking canton; as Switzerland is a multilingual country, it is possible that dietary behaviours in German or Italian -speaking regions may be different, but no data is currently available.
Conclusion
Three dietary patterns, one healthy and two unhealthy, were identified in the French-speaking Swiss population. Several associated modifiable behaviours were identified, and this information allows targeting of the most vulnerable groups in the context of public health interventions.
Additional file
Additional file 1: Table S1 . Food groups used to derive dietary patterns, CoLaus study, 2009-2012, Lausanne, Switzerland. 
